The relative contributions of scapulothoracic and glenohumeral motion at different rates of shoulder motion were studied through adduction to abduction in the scapular plane. Nineteen shoulders of 10 healthy individuals (all men, 24-30 years of age) were analyzed using an image intensifier and a high-resolution digital video system. High-and low-speed motion consisted of 2 and 4 seconds per one cycle, respectively, from abduction to adduction in the scapular plane. Glenohumeral and scapulothoracic ratios were fixed at low speed and these results agree with the finding of other researchers. Ratios at high speed were not fixed and differed significantly from those at low speed. Ratios were high at the beginning of abduction or adduction and at angles beyond 40؇ abduction, then decreased according to the arm movement. Glenohumeral motion at high speed was more dominant at the beginning of abduction or adduction beyond the setting phase, then became less dominant according to the arm movement, compared with the motion at low speed.
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Inman et al 6 initially analyzed scapulohumeral rhythm and suggested that normal rhythm is fixed and that the ratio of glenohumeral and scapulothoracic motion is almost 2.0. However, the current authors hypothesized that the scapulohumeral rhythm of a healthy person is not fixed with different types of motion. The effect of motion velocity on scapulohumeral rhythm was studied to evaluate the components of shoulder motion under conditions of the most simplified motions. Bilateral upper arms were abducted or adducted symmetrically in the scapular plane to avoid spinal movement. Shoulder motions were observed using an image intensifier combined with a video system (DIGITEX Pro-Multi DAR-3000 and IVS-100, Shimadzu, Kyoto, Japan). High definition images 1024 ϫ 1024 matrix at high speed 7.5 frames per second were displayed dynamically on the films without a blur.
MATERIALS AND METHODS
Fluoroscopy was done with each subject standing on the platform facing the fluoroscopic table at an angle of 30Њ anterior to the frontal plane so that the plane of abduction was parallel to the plane of the radiograph. Each frame was digitized to measure the arm (A), glenohumeral (GH), and scapulothoracic (ST) angles, and the GH/ST ratio was calculated. The arm and scapulothoracic angles were measured on the plane image of each film, relative to the long axis of the body. The glenohumeral angle was derived by subtracting the scapulohumeral angle from the arm angle. 8 The effects of two types of motion velocity on scapulohumeral rhythm were studied. High-and low-speed motion consisted of 2 and 4 seconds per cycle from abduction to adduction, respectively.
Each motion was done three times to confirm its uniformity.
RESULTS

Velocity of Scapulohumeral Motion
One cycle of abduction to adduction required an average of 1.94 seconds (1.90-1.94 seconds) at high speed, and 4.10 seconds (3.54-4.66 seconds) at low speed. Figure 1 shows changes in the glenohumeral/ scapulothoracic ratios at low speed, where the ratios were fixed and almost 2.3 at an angle greater than 40Њ during abduction and adduction. These waves show that scapulohumeral motion is stable. Figure 2 shows changes in glenohumeral/ scapulothoracic ratios at high speed. The waves were reproducible, but ratios were not fixed, and differed from the results obtained at low speed. These also resulted in stable scapulohumeral motion. Ratios were high at the be- 
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ginning of abduction or adduction at an abduction angle greater than 40Њ, then decreased according to the arm movement. Glenohumeral motion at high speed was more dominant at the beginning of abduction or adduction except in the setting phase, then declined according to the arm motions compared with low speed. The glenohumeral/scapulothoracic ratios of Participant 2 at low speed are shown in Figure 3 . They were different from the results at high speed. The glenohumeral/scapulothoracic ratios at low speed were fixed and almost 2.4 at the abduction angle greater than 40Њ as shown in Participant 1. The ratios of Participant 2 at high speed were high at the beginning except in the setting phase, then decreased according to the arm movement (Fig 4) .
The values of glenohumeral/scapulothoracic ratios at 60Њ and 150Њ abduction angles of all patients were measured to have statistical differences between low and high speeds during abduction and adduction ( Table 1) . The values were analyzed for statistical differences using the Mann-Whitney test. The values of high speed were statistically higher than those of low speed at 60Њ abduction during abduction, and the values of high speed were statistically higher than those of low speed at 150Њ abduction during adduction. The values of high speed were statistically lower than those of low speed at 150Њ abduction during abduction, and the values of high speed were statistically lower than those of low speed at 60Њ abduction during adduction.
The examples are representative and the overall results showed that: (1) the waves of scapulohumeral rhythm were not fixed under different conditions (at high speed and low speed); (2) glenohumeral/scapulothoracic ratios were highly reproducible under certain types of motion, even at high speed, showing the uniformity or dynamic stability of scapulothoracic motion on each participant; and (3) scapulohumeral rhythms at high speed completely differed from those at low speed. The glenohumeral/scapulothoracic ratios at low speed were fixed at 2.4 on average during abduction or adduction except in the setting phase. Glenohumeral motion at high speed was more dominant at the beginning of abduction or adduction except in the setting phase and decreased according to the arm movement compared with that at low speed. 
DISCUSSION
After Codman 3 described scapulohumeral motion during abduction in 1934, numerous studies followed. 1,4-6,9-13 Inman et al 6 showed that the glenohumeral/scapulothoracic ratio is fixed and almost 2.0 during abduction and adduction. However, some investigators reported an inconsistent ratio with variation by individual and by gender. 4, 5 Others also have shown the nonlinear variation during elevation. 9, 10 To the authors' knowledge, the current study was the first to investigate the effect of motion velocity on scapulohumeral rhythm among each participant. Scapulohumeral rhythms were not fixed, but varied according to the motion velocity. The glenohumeral/scapulothoracic ratios at low speed were fixed at 2.4 on average during abduction or adduction except in the setting phase (Figs 1, 3) . Glenohumeral motion at high speed was more dominant at the beginning of abduction or adduction except in the setting phase and decreased according to the arm movement compared with that at low speed (Figs 2, 4) . Glenohumeral muscles including the supraspinatus and deltoid muscles have the advantage of rapidly gaining a range of motion in abduction because they have short moment arms, compared with the scapular rotator muscles that have long moment arms. 2 The effect of motion velocity on scapulohumeral rhythm has not been studied, but the current results may be based on this principle.
Bilateral scapulohumeral rhythm differed considerably at high speed despite a constant velocity of the movement, muscle power, and weight of the arm. The rhythms may be regulated by not only biomechanical but also neurophysiologic mechanisms. Voluntary movement is generally an expression of the motion program in the central nervous system and the program is imprinted through integration and the training. 7 Scapulohumeral motion may be influenced by the program and regulated neurophysiologically.
Shoulder motion consists of glenohumeral and scapulothoracic portions. Scapulohumeral rhythms are regulated according to the exquisite balance of glenohumeral and scapulothoracic motions. A disrupted balance may disrupt the rhythm and lead to disorders of the shoulder.
